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Microcalorimetric Measurement of the Enthalpies of 
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Enthalpies of interactions of a series of m-alkoxyphenols with non-growing 
Escherichia coli suspended in a salt solution have been recorded. These data 
have been analysed on the assumption that the initial relatively rapid 
endothermic process represented the transfer of solute from aqueous 
solution to cells (AHtrs) and that the subsequent relatively lengthy exothermic 
process resulted from the biological consequences of the transfer process 
itself. The derived values are compared with values of AH,,, found for 
transfer of these solutes from water to octan-1-01, heptane and propylene 
carbonate. 
The parameter most frequently used to relate drug structure to biological response (BR) 
is the partition coefficient, KD, for distribution of the drug between water and a 
non-aqueous solvent? The non-aqueous solvent selected for use in such experiments 
should satisfy several physicochemical criteria but must also be representative of the 
properties of the biological membrane into which the drug must pass (from an aqueous 
environment) before it arrives at its site of action. 
Values of KD for a wide range of structures have been determined,l usually at only 
one temperature, but in only a very few instances are more detailed thermodynamic data 
available to describe the transfer process or to allow a closer study of the basis for the 
reliance of QSAR (quantitative structure activity relationships) upon partition 
c0efficients.l 
We have recently published2 thermodynamic data which describe the transfer of the 
homologues of m-alkoxyphenols from water to octan-1-01, to heptane and to propylene 
carbonate. The existence of such a data collection has permitted the derivation of group 
contributions toward the values of AG, AH and AS which describe the transfer process, 
as suggested by C r a t i ~ ~ . ~  Not only was it possible to establish group contributions, but 
it also proved possible4 to derive, from the empirical Collander equation, a solvent 
scaling factor which may allow ' ranking' of non-aqueous solvents for use in transfer 
studies. The problem still remains, however, to establish that bulk solvents do indeed 
behave like biological membranes, at least as far as the transfer process is concerned. 
Thermodynamic parameters for transfer processes appear ideally suited to test the 
suitability of such solvents, whilst microcalorimetry, as we have demonstrated, enables 
direct measurement of the change in enthalpy, AH, that accompanies all physical and 
chemical changes. 
Extensive data exist on the AHt,, values for transfer of m-alkoxyphenol homologues 
from water to a variety of non-aqueous Hence we have attempted, in the 
work described in this paper, to analyse the enthalpy changes accompanying the 
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2929 
Pu
bl
ish
ed
 o
n 
01
 Ja
nu
ar
y 
19
86
. D
ow
nl
oa
de
d 
by
 U
N
IV
ER
SI
D
A
D
 E
ST
A
D
U
A
L 
D
E 
CA
M
PI
N
A
S 
on
 2
5/
06
/2
01
5 
15
:0
5:
10
. 
View Article Online / Journal Homepage / Table of Contents for this issue
2930 Interactions of m-Alkoxyphenols and Escherichia coli Cells 
interaction of these phenols with cells of Escherichia coli suspended in 1/4 strength 
Ringer’s solution6 (these cells are as close to non-metabolising cells as can be achieved) 
and to compare the results with AH,,, data for these same solutes from water to bulk 
non-aqueous solvents. 
Experiment a1 
The rn-alkoxyphenols were synthesised and stored as described previ~usly.~ The inocula 
of Escherichia coli (NCTC 10418) were grown, harvested and stored in ampoules in liquid 
nitrogen following viable counting as previously de~cribed.~ Following thawing of an 
ampoule of the E. coli suspension, 3cm3 of this suspension (viable count 
1.3 x 1O1O cell ~ m - ~ ;  recovery >95%) was added to 12 cm3 of isotonic 1/4 strength 
Ringer’s solution which had been previously treated with N, to make it oxygen-free. 
6 cm3 of this E. coli suspension was placed into the sample and reference cells of a batch 
microcalorimeter (LKB 10700 modified for titration’) and left to equilibrate for 1 h. The 
instrumental sensitivity used for all these experiments was 10 pV (equivalent to 157 pW 
for f.s.d.). One 1 mm3 injection of the solute was added to the sample cell and 
simultaneously 1 mm3 of 1/4 strength Ringer’s solution was added to the reference cell. 
The microcalorimetric rotation unit in which both cells were contained was kept rotating 
to ensure uniformity of the cell suspensions and to avoid cell sedimentation. No serious 
thermal consequences resulted from continuous rotation of the calorimetric drum. Noise 
increased slightly but no drift in baseline could be observed over 6 h periods. The 
enthalpies of solution of this homologous series of phenols in 1/4 strength Ringer’s 
solution (Q, ,  scheme 1) were measured in parallel experiments. The concentrations of 
the phenols after injection into E. coli suspension were: rn-methoxy 1.59 mmol dm-3, 
rn-ethoxy 1.38 mmol dm-3, rn-propoxy 1.21 mmol dm-3, rn-butoxy 1.08 mmol dm-3 and 
rn-pentoxy 0.98 mmol dm-3. 
Results and Discussion 
Scheme 1 outlines a model of the transfer process. From the reactions described in 
scheme 1 the desired molar enthalpy change, AH3, for the transfer of the drug from 
isotonic aqueous medium to the cells can be calculated from the experimentally 
accessible molar enthalpies (AH,  and AH,) as AH3 = AH2-AHl (from Q3 = Q,-Ql ) .  
enthalpy : experimental, Q,;  molar, AH,. 
drug (pure liquid) +isotonic solution + drug in isotonic solution 
drug (pure liquid) + E. coli cells in isotonic solution + drug/cells in isotonic solution 
enthalpy : experimental, Q,; molar, AH,. 
drug in isotonic solution + cells in isotonic solution + drug/cells in isotonic solution 
enthalpy : calculated, Q3; molar, AH,. 
Scheme 1. 
We have assumed in the evaluation of the Q and AH values that a quasiequilibrium 
state exists momentarily for each transfer process of solute from water to cellular 
compartment/receptor (l), (2) and (3). We have therefore assumed, without any 
confirmation possible, that the rapid process which leads to endothermic values of Q, 
and AH, is the result of the transfer process itself (fig. 1). The justifications for this 
assumption are (i) that the time course of the initial, rapid endothermal process is almost 
identical with the time course observed in the solution processes and (ii) that the 
exothermic portion of the experimental p us. t curves continues at low level for long 
periods ( > 4  h). We take this long-time exothermal power evolution to be due to the 
processes consequent on the transfer and to have little significant contribution t a  the 
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Fig. 1. Representative p us. t curve for addition of pure liquid solute to isotonic aqueous suspension 
of E. coli (Q2 and AH2 as defined in scheme 1 determined from endothermic portion). 
Table 1. Values of AH (kJ mol-l) calculated from 
determined values of Q (see scheme 1) 
rn-methoxy 5.49 k 0.18 5.27 + O .  13 - 0.22 
rn-ethoxy 4.94f0.11 3.84f0.14 - 1 . 1  
rn-propoxy 5.21 k0.13 3.19f0.16 -2.02 
rn-pentoxy 6.44k0.13 1.30f0.12 -5.14 
rn-butoxy 6.41 f0.21 2.35f0.11 -4.06 
endothermal portion of the experimental p vs. t curve. Q2 was calculated by determining 
an area formed on simply projecting the fore-period baseline to meet the declining portion 
of the p us. t curve (fig. 1) and using the appropriate calibration con~ tan t .~  
Thus the data displayed in table 1 are taken to represent only processes (I), (2) and 
(3) as designated earlier. Since the objectives of QSAR are to correlate behaviour/activity 
with structure we show here (fig. 2) the plots of AH,, AH2 and AH3 against the number 
of methylene groups, n, in the side-chain of these solutes. All AH values are linear with 
respect to n. This linearity of AHl, AH2 and AH3 vs. n suggests that the process under 
calculation is the transfer process and that it is not interfered with greatly by the, perhaps 
simultaneous, initiation of the long, slow exothermic process. For purposes of comparison 
we list in table 2 the values of AH,,, derived from direct microcalorimetry (for transfer 
to octan-1-01) and from van't Hoff plots5 (for transfer to heptane and to propylene 
carbonate). 
These data suggest that reproducible data are obtainable for AH values obtained from 
microcalorimetry for the complex process of interaction of m-alkoxyphenols with E. coli 
cells. If the process characterised by AH3 is indeed the transfer process alone it can be 
seen that, certainly for enthalpy values, none of the other solvents investigated 
(octan- 1-01, heptane or propylene carbonate) represents the bulk lipoid phase adequately. 
It was suggested previously2? that Gibbs energy data for group transfer between water 
and non-aqueous solvents may help identify bulk solvents which mimic biological lipid 
systems (membranes); these data emphasise the need to pursue that objective. 
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Fig. 2. Plots of AH,, AH2 and AH3 (see scheme 1) us. n (the number of methylene groups in 
the side-chain of the solutes studied). 0, AH,;  0, AH2; A, AH3. 
Table 2. Values of AH,,, (kJ mol-l) for transfer from water to 
cells (AH3), octan-1-01, heptane and propylene carbonate 
prop ylene 
solute cells octan-1 -ola heptaneb carbonateb 
m-methoxy - 0.22 - 8.03 & 0.19 20.9 & 0.6 23.2 & 0.3 
m-propoxy - 2.02 - 6.96 f 0.14 16.0 f 0.5 23.9 f 0.4 
m-butoxy - 4.06 - 13.9k0.5 23.4k0.4 
m-ethoxy -1.1 -6.95k0.15 19.3f0.9 23.4f0.4 
m-pentoxy - 5.14 - 12.0 f 0.4 23.2 k0.3 
a Data from ref. (5). Data from ref. (2). 
P. L. 0. V. thanks the Conselho Nacional de Desevolvimento Cientifico e Technologico 
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